The remote sensing of the Earth's features from space requires precision pointing of scientific instruments.
Introduction
The EOS AM-1 mission involves remote sensing of the Earth's environment for an improved understanding of environmental change.
Five major instrument systems (payloads) are being integrated onto the EOS AM-1 spacecraftl.
The science instruments must be precisely pointed to obtain the spatial resolution required for the science data. Unfortunately, vibrations cause variations in the angular orientation of the science instrument with respect to Earth. Pointing jitter, defined as the peak-to-peak variation in the actual pointing direction within a given time window, is associated with short intervals of time for which the attitude control system (ACS) has little effect.
Conversely, pointing stability refers to longer intervals of time in which the ACS can reduce the peak-to-peak Sensitivity to temperature, in particular, makes their use unlikely for space operations.
In the automotive industry, engine mounts which were initially used only to support the engine, are now being used as a means to reduce the disturbances which degrade the ride quality of vehicles. Shock isolation is also a concern in applications such as aircraft landing gears and automobiles. Reference [6] proposed a shock isolator using a strut filled with silicon oil where the oil compressibility serves as a mechanical spring and the damping is achieved by moving the oil through an orifice. A similar concept was used successfully with the Hubble Space Telescope reaction wheels 7.
Generally, the isolation problem takes one of two 
Pointing Jitter of EOS AM-I Spacecraft Payloads
The five instrument systems selected for flight onboard the EOS AM-1 spacecraft arel: A graphical presentation of the pointing jitter simulation results is given in Figure 1 . The pointing requirements are given in arc-seconds. The root-sumsquare (RSS) total of the individual disturbances shows that the pointing requirements are only marginally met. The procedure used for developing simulation models of this testbed and of the EOS AM-1 spacecraft is given in the next section. 
Modeling of Spacecraft With Isolator Mounts
To simulate the dynamic response of structural systems with embedded actuators (isolator mounts), special care must be taken to include the effects of local deformations and actuator dynamics.
The following sections describe the approach used to develop analysis models for this study.
Efficient Finite Elemeqt Mo_telJn__
To begin the modeling process, a standard normal where Te is the set of retained eigenvectors, and T o is the set of Ritz vectors, one vector for each isolator mount. An important step in the current procedure is to make T o orthogonal with respect to T e . The vector z is the transformed displacement vector.
By applying the transformation of Eq. (2) to Eq. fl and ]'2 are applied mechanical forces, and v is the applied voltage. When the actuator is coupled to the structure, the actuator displacements r I and r 2 are restricted to move with the structure and the applied forces are constraint forces to keep them together.
For simulation, the actuator mass m is considered part of the structural mass.
Polytec-P1 power amplifiers are used to drive the piezoelectric actuators.
Tests have shown that the amplifier dynamics can be represented as a simple second order system, given here in transfer function form as
with to -150Hz, ¢ .. 0.7, G ,-10, and V is the input voltage to the amplifier.
Model specifics for the LaRC EOS Dynamics Testbed
For the experimental results obtained in this study, the required piezoelectric actuator parameters are taken from can be modeled like the amplifier dynamics, using Eq. (7) with to -lOOHz, _-0.9 , and G-1.
Simulated and Experimental

Payload Isolation Results
The next two sections present simulation results for isolator mounts as applied to the EOS AM-1 spacecraft.
Following these sections, experimental isolation data from the LaRC EOS Dynamics Testbed is presented.
EOS AM-| Spacecraft Simulations passive Isolation
The EOS AM-1 spacecraft baseline kinematic mounts were designed to provide a stiff interface between the science payloads (weighing 300-600 lbs) and the spacecraft bus. Nominal mount stiffness values range from 1.6 E5 to 1.6 E6 Ib/in. In addition, they are designed to withstand launch loads of 4000 to 7500 lbs. These design constraints limit passive isolation system designs to relatively high frequencies.
Nevertheless, viscoelastic materials placed in parallel with the baseline mounts can lower the payload pointing jitter.
Finite element models of the EOS AM-I spacecraft developed
for the PDR were modified to include a complex modulus in the kinematic mount stiffnesses. It was assumed that a viscoelastic treatment could produce a loss factor of 0.2 across each of the kinematic mounts. Complex eigenvalue analyses was performed to compute the equivalent modal damping levels of 513 modes. As shown in Figure 7 , in the first few modes, the assumed modal damping of 0.0015 is unchanged since no strain energy is stored in the kinematic mounts for the low frequency modes.
The damping data of Figure 7 was used in the spacecraft model to simulate jitter levels for the VNIR disturbance. As shown in Figure 8 In the simulation model, the SWIR and VNIR mounts were made active by embedding a piezoelectric actuator in series with the kinematic mounts. Strain and strain rate feedback were used to help isolate the VNIR disturbance and the SWIR instrument. Simulations showed a simple low pass filter could significantly lower the pitch and yaw response of SWlR as shown in figure 9 . The SWlR roll response is reduced by only 30 percent because there is significant rigid-body motion about the roll axis which cannot be mitigated by the isolation system.
As an aside, the MISR instrument response was also reduced by about 10 percent. The simulations showed that for the EOS AM-1 application, only a 20 micro-inch stroke and less than 15 Ibs of force were required by the isolation mounts. for feedback is shown graphically in Fig. 10 . Openloop (baseline) and closed-loop (isolated) frequency response functions of Accelerometer #2 due to an excitation at the SWIR cryocooler location is shown in Fig. 11 The isolator mount provides significant attenuation at key frequencies.
Similar results have also been achieved using mount #3 with accelerometers #5 and #6 as shown in Fig. 12 Currently, three instrument mount concepts are being considered which would provide one, two, or six axes of actuation. The first two concepts use flexures as their primary load carrying member. The third one is based on the concept proposed by Sirlin [23] which provides actuation in all six axes. All three concepts will be molded using recently developed piezoelectric polymers and tested to assess their capability. Industry cooperation is being sought to provide guidance to the program and to participate in the design, fabrication, and testing of the various concepts.
